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Combined DNA/Protein Vaccine Compositions 

Field of the invention 

5 The present invention relates to novel, combined DNA/Protein vaccine 

compositions comprising at least one nucleic acid molecule encoded antigen and at least 
one protein antigen adjuvanted in a mineral-based adjuvant so as to enhance the 
immunogenicity of both in a single vaccine formulation. 

10 Background of the invention 

DNA vaccination is an important novel immunization strategy to specifically 
prime humoral and cellular immune responses (S. Gurunathan et al., Annu Rev. Immunol. 
(2000) 18:927-74). With DNA vaccines based on injection of nucleotides alone 50-100 pg 
nucleotide is required to elicit a potent immune response against the antigen encoded by 

15 the DNA. It is not known how large a proportion of the DNA that is de facto transcribed into 
protein and it is not clear how much protein that it subsequently gives lead to. It has been 
shown, however, that no or barely detectable immune responses are detected when <10 
|jg plasmid DNA is injected into mice. 

Currently, DNA vaccines are not yet on the market. Limitations that prevent the 

20 introduction of DNA vaccination into clinical practice include the conspicious absence of 
techniques that can deliver low doses of a DNA vaccine in a sufficiently immunogenic form 
to a wide range of animals and to man. It will be clear that the development of techniques 
which would lead to the elicitation of a potent immune response after administration of 
significantly lower doses of DNA nucleotide would attract both scientific and economic 

25 interest among vaccine producers. 

In recent literature various adjuvants have been proposed to enhance the 
immunogenicity of DNA vaccines. For example, the interrelated references WO 00/02591, 
WO 98/35562, and S. Wang et al., Vaccine 18:1227-1235 (2000) disclose vaccine 
formulations comprising nucleic acid molecules and an aluminium phosphate-based or 

30 calcium phosphate-based adjuvant provided in a biologically effective concentration so as 
. to improve induction of an immune response subsequent to vaccination. The formulations 
with calcium- or aluminum phosphate adjuvants prior to injection have been shown to 
facilitate delivery of DNA vaccines, since antibody titers are increased by 10- to 100-fold 
and the immunogenic dose of DNA is decreased by 10-fold. Although the mechanism by 
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EMA@ " , „. ,H*ir acid delivery system comprising nucleic acid 

WO 02/03961 discloses a nucleic acid delivery y 

^^rr,nr^^« * — • ,o adiuvan,a,,on of *• 

2 |jg protein to 10 pg P ^ l ° mineraH)as ed adjuvants were investigated . 

the immune response necessary i p «„,..,, 629 ,1997)) This dichotomy 

components (E.B. Lindblad et a,., M* "W*^ from 

currently limits the possibilities of making combination vaccnes where diseases fro 
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groups! respect, are represented. The leases covered by the ,ive attend 
Tales are often requiring a T„1 ,ype immune reeponse ae pro.ec.,n 9 a g a,nst 

of neoatively-charged mineral-based adjuvants. 

10 The DNA vaccine technology has the potential of mducmg a Th1 type 

D „nse nelsary for protector against those diseases which are a. present prevented 
response necessary for P ^ $ g of 

Tri o: ^ " or ml classical. ad.van.ed Th 2 sfintoiating 
^ , Ireb, overcoming such ilmLabons of preparfng an amended programme o, 
15 combination vaccines. 

gummarvof thft invention 
The present invention provides a combined DNWProtein antigen vaccine 
co mpos«on suitable for administration to a vertebrate host, inciuding ma, wh,ch 

20 T. poiynucieotide vaccine component comprising a, leas, one po„nu*o„de 
Iding a. ,eae. one antigen, such Uta. in.roduc.lon of said formulabon ,n,o sad 
rt eZe hoe, resufts in expression o, a biological,, effecnve amount o, ea,d 
antigen or antigens so as to induce a prophylacuc or therapeutic immune response; 
26 ^ a protein ntlgen vaccine competent comprising a. leas, one protein anbgen 
11 ftom me group of mode, protein anbgens and vaccine protein anbgens, and 
(c\ a mineral-based, negatively charged adjuvant. 

Ta preferred embodiment of the invention said mineral-based, negabvely 
charged adjuvant is an adiuvan. seiected ftom the group of aluminium phosphate-based 

30 "TIT trrrfr— sa M mineral, negabvely 

^^=^h fmm the aroup of calcium phosphate-based and 
charged adjuvant is an adjuvant selected from tne group 

calcium hydroxyphosphate-based adjuvants. 
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Suitable polynucleotide vaccine components which can be usee In the vaccine 
composition according to the invention include components Tom vaccines where Are 
classical aiumlnlum ad)uvan,s are considered inadeguate to et« p~ „pfc 
intracellular parasfc bacteda „Ke Mycobactertum sp. and Le,shman,a ,p., „» 
. cytomegalovirus <C M V>, HTLV-I, HIV, hepafllis C and D, influenza, measels. rubella, 

'"^"^t^Xrotein antigens ma, range from acidic ,BP proteins, such as 

10 suitable vaccine protein antigens inctude but are not limited to detoxifled toxins 

as well as other vaccine relevant antigens a, present used In conventional vacc^ 
age", e.g. tetanus, diphtheria, botulinus poisoning, c-tussis, inactivated po„omye„„s, 

hePaS, ' S ' Zl rlVplned embodiment said mineral-based, negaflvely charged 
,. adjuvant is pre-,ncuba,ed by said a. leas, one protein anflgen vaccine component pnorto 
Sng fomlted w»h said poiynucteoflde vaccine component to a vaccme common 

accordinq to the present invention. 

,„ a Ler aspect o, the invention the use o. a minerai-based, negaflvely 
charged adjuvant Is provided as a component In a combined DNA/Protein based vaccne 

20 — ,: a r: ,d - - — . . * — . 

composition as deflned above, in a unfl dose form tor administration ,o a vertebrate 

recipient, including man. .«^, m o 
,„ yet another aspect of the invention a method of inducing an immune 
25 response In a vertebrate host Is provided which compdses inducing a vaccne 
composition as defined above into said vertebrate host. 

These and other embodiments of the present invention will be outlined ,n more 

detail in the following detailed description. 

Brief descri p""" " f * he drawing 
Figure 1 shows that ttte codelivery of plasmid DNA and protein vaccines in 
aluminum phospha«e (AIPO.) increases Ab flter against both antigen, BALB/c mlc. were 
vaccinated in— arty by single injecflon o, the combination of 5 , — 
(HBcAg or HBsAg) particles and 50 pg plasmid DNA encoding HBsAg or HBoAg , »0» 
36 pST/C . Vaccines containing either rHBcAg and P C„S (group 1.2) or r*BsAg and pST,C 
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(gro up 3,4) were delivered alone (group 1,3) or formulated w,th AIP0 4 adjuvant (group 
4, Sere were obtained 4 weeKe posf-immunfcation and tested for anti-HBsAg (left pane, 
and antl-HBcAg (right pane,, antibodies by EUSA. The mean antibody «ers o, 3 ,nd,v,dual 
mice are shown. 

5 

Definitions 

The term "polynucleotide vaccine" (PNV) which is identical to "DMA vaccine", 
as used herein, is meant to indicate a DNA vector containing a gene encoding a viral, 
bacterial parasitic or tumor antigen which has been shown to express that respects 
10 antigen subsequent to administration to the vertebrate, for example by intramuscular 

' nieCtl0n ' The term "model protein antigen" as used herein is meant to define a protein 
which is not derived from an infectious microorganism which may cause one or more 
diseases. Hence a mode, protein antigen is not included in a vaccine preparation w,th the 
„ aimofe.icitingaprotectiveimm 

The term "conventional vaccines", as used herein, is meant to define well- 
established vaccines, whether they are based on (1) live, attenuated vaccine components 
(not adjuvanted), or (2) Killed inactivated vaccine components, killed whole cells punfied 
subunit or peptide components (which are adjuvanted), using e.g. mineral adjuvants 
20 The term "vaccine protein antigen" as used herein, refers to an ant.gen, 

regardless whether it is a protein-containing cell fragment, a purified protein, a synthetic 
peptide or whether in its nature it consists of amino acids on.y or of amino acids ,n 
combination with other biological molecules, like carbohydrates or lipids, derived from an 
infectious organism against which the vaccine is intented to protect. The purpose o 
25 including the vaccine protein antigen is to induce specific and protective immumty towards 
the infection caused by the organism that the vaccine protein relevant was derived from 

The term "adjuvant", as used herein, refers to one or more compounds that 
enhance the immune response against the antigenic components of the vaccine 
formulation or he.ps delivering the nucleotide or provides a stimulative effect for the 
30 immune response to transcription products of the injected DNA nucleotides. 

The term "negatively charged mineral-based phosphate adjuvant , as used 
herein refers to preformed aluminium phosphate or aluminium hydroxyphosphate gel 
adjuvants, and the like, which are characterized by having an acidic point of zero charge 
(PZC) It also refers to a formulation by which preformed aluminium hydroxide adjuvant 
35 (which normaliy has an alkaline PZC) after its formation is incubated with phosphate ions 
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t0 f o,m a complex wim these by which process * also - subsequently - achieves an acidic 
PZcT. aisc racers ,o calcium phosphate or calcium hydroxyphosphate basad slants 

The teno -point of zero Cargo- or W, as used herein refers ,0 ma spa* 
pH vaiua a, which a g,en mineral-based ad)uvanf has no ne. charge. As such h e P ZC * 
. analogous to .he isoelectric point (IEP) of a protein as Known from protein chem** M 
pH values above the PZC the no, Cargo o, the m,neraU>ased ediuven, ,s negative and 
below the PZC the net charge of the mineral-based adjuvant is pos*ve. 

pw-iun H»»rrintion of 'h» invention 
The present invention is based on the surprising finding, after externa 
research and experimentation, tha, aluminium pfrosphata or alumium hydroxyphosphate- 
ZZd enhanLnen, o, fhe immunogenic^ of DMA vaccines was further ,mpcov d by 
probing aluminium phosphate or aluminium hydroxyphosphafe w«h at leas one 
lb: protein. I. was afeo found tha, aluminium phosphate and * 
„ phosphate and their calcium counterparts can be used to combine protein- and DNA 
Lad vaccination to prime an enhanced and differentiated specfic immunity 

The invention relates in one aspect to e novel vaccine formulation composing 
nud eic acid molecules and a mineral-based, negatively charged adjuvant delivered in a 
biologically effective conception so as to promote the effecfive ,nduc„on of an immune 
20 sponse directed towards one or more specific amigens encoded by the nucteic acd 
Z According to fhis aspect the adjuvant, when deiivered in function, e.g. pre- 
Ib^tr pre-mixed with a suitabte protein, seems to have a dfiferen, appearances 
Impel to he original vacoino formulations on which this improvement is based wh,oh 
Tava bean extensively described, fnter a»a in WO 0072691, the disclosure of wtach ,s 
25 nZ^d herein by reference. Apart from .he improvement defined above, any aspect 
"disclosure inciuding defines, preparation o, the pharmaceutical formuia on. 
8 e,ec.ion and amounts o, ingredients, me.hods o, inducing an Immune reaped an 
vertebrate host using me pharmaceutical formulations, way of delivery of the onaulaeone 
to .he vertebrate host are diseases or disorders ,o be treated by fhe formuiafions. etc., 
30 apply equally to the present invention. 

The present invention is further based on the surprising finding that the 
enhancement is mediated by the negafively charged mineral 
(as exemplified by, bu, no. limited to aluminium phosphate and a.um,n,um hydroxy 
phosphate . with a suitable protein, as exempted by efiher a modal protein, such , as 
35 acidic IEP protein, for example bovine serum albumins (BSA> having low adsorpfion 
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affinity or a basic IEP protein, for example han egg lysozyme (HEL) having high 
aaaoi.cn af«y, or. alternately, a vaceine-relevan, protein anttgen, as — d ^ 
aut no, limited to - two vaccine-relevan, antigens a. hepatitis B v,rus * 
anvaiopa protein (hepatitis B surtace antigen, HBsAg) an. «e nucleoprote (h^ 
. cora antigen, HBcAg). Accondtngly, a protein antigen, whether or not ^end* M. «- 
protective immune responses against M. can ha suitebiy and 
delivered with DMA vaccines .emulated in aiuminium phosphate, a,um,n,um hydroxy- 
phosphate, or another suitable negatively charged mineral adjuvant. 

It was further found that AIPO. is particularly suitable as an adjuvant to 
,0 formulate a vaccine com P os*ion that delivers expression piaamld-encoded antigens 
ether - recombinant ptotein aniens. The vaccine compost ; 
aduvant effect of AIPO. («) the adjuvant euecf of plasmid DMA, (,,,) the enhanced 
immunogenic delivery C a DNA vaccine by AIPO.. and M the potent co-pnm,„ g of 
Ilplc. humorat and celtular immune raspanses to a vartaty a, anttgens that usu* 
1. is achieved only by Immunization wKh vaccines cantaining live, attenuated or killed 
pathogens. ^ ^ ^ ^ ^ ^ ^ , o 

relevant antigens formulated In aluminium-baaed adjuvants, no boosting injections were . 
9 ivan to exclusively determine the potency of the vaccina formulations under sfudy ,n 
30 priming CTU and T cell-dependent immune responses. (I. will be understood that boosting 
injections are not excluded from the the present invention). 

„ is Known that plasmid DNA and proteins w«h an acidic EP adsorb eftaently 
onto Al(OH) 3 , but no. to AIPO, [J.B. Ulmer a, a,., Vaccine (M S.J. «— ' * 

a, vaccfne (1991) 9:201-203,. An Immunogenic delivery of DNA vaccines wrth 
2S aancentional AI(OH) 3 adjuvant has no, bean achieved while AI(OH) a is widely used o 
daliver protein antigena in immunogenic form. Without being bound ,o any theary, the 
prasen, inventora believe that the high content of phosphate in the DNA strand may give 
iead ,o the vary high binding affinity to AI(OH), and .hat this binding impairs the 
subsequent transcription of the protein antigen encoded by me DNA. A "depot effect", i.e. 
30 , h e alow release of antigen in situ combined with an immune-atimulating effect of the 
aluminium salt haa often been proposed to underlie the adjuvant activity. The lack o 
adsorption of plasmid DNA onto AIPO. (but not AKOHW seems to be an essentia, 
prarequiaite for its ability to deliver DNA vacoinaa in an adequate and functional form. 
When low doaea of a "naked" DNA vaccina are Injected i.m. without adjuvants, spacfic 
35 priming of CTL, bu, no, of eerum antibody responses is observed [W. Bbhm a, a,., J. 
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,mmuno,. Met h o d s (1996) 193:29-401. De.ivery of a DNA vaccine by 
enhance its ability to prime specific, polarization of the response aga.nst the ^ 
components of the vaccine. The antigens encoded by DNA vaccines wouid preferen My 
prim e Th1 immunity while the antigens formuiated into the A.P0 4 as recombinant prote.ns 
5 would preferential induce Th2 immunity. This is clearly shown in Figure 1 where one can 
see that the DNA-derived antibody repsonse is biased towards the lgG2a subclass 
indicative of Th1 immunity, whereas the protein-derived antibody response is b.ased 
towards the lgG1 subclass, indicative of Th2 immunity. This does not take into account 
intrinsic features of an antigen that can drive the po.arization of the immune response they 
10 induce into a Th1 or Th2 bias independent of the locally prevailing cytokine m.Ueu [P. R.ed 
et a, J Immunol. (2002) 168:4951-4959; J. Reimann and R. Schirmbeck. Dev. Biol. 
(2000) 104 15-24]. However, the key point is that the vaccine delivery strategy accord.ng 
to the present invention supports the formulation of a single vaccine composed of very 
different types of vaccine constructs that prime in situ a diverse spectrum of immune 
IB responses differing in specificity and in the repertoire of specific effector functions they can 
mediate, i.e., a differentiated Th1 to the DNA encoded antigen, including a CTL response, 
and a Th2 response to the protein antigen. 

Experimental vaccines were formulated in which low doses (1-5 ng/mouse) of 
antigen-encoding plasmid DNA together with low doses of either a model protein antigen 
20 (BSA) or a vaccine-relevant protein antigen (HBsAg or HBcAg) was mixed with alumin.um 
phosphate or aluminium hydroxyde. The immune responses elicited by this combination 
vaccine against the protein antigen adsorbed to aluminium phosphate were enhanced ,n 
the presence of the DNA vaccine, and did not interfere with immune responses aga.nst the 

antigen encoded by the DNA vaccine. 

25 To be more specific, low doses of different DNA vaccines formulated w.th 

AlPO, induced enhanced humoral responses and supported priming of MHC class I- 
restricted cellular immunity. Different proteins mixed with the plasmid DNA vaccine .n the 
AlPO, formulation did not impair its immunogenicity. Co-injection of two different, vacane- 
relevant antigens in the same AIPQ 4 formulation, one as a DNA vaccine, the other as a 

30 recombinant protein, elicited polyvalent, humoral and cellular immune responses to all 
antigens delivered. The isotype profiles of the induced humoral responses and the 
cytokine profiles of the specifically primed T cel. responses indicated that the comb.ned 
vaccines supported co-priming of Th1- and . Th2-biased. as well as differenfiated 
responses. 
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Therefore, protein antigen-containing minera.-based, negative* charged 
adjuvants such as a.uminium phosphate and for examp.e a.so a.uminium hydroxy- 
tpLe can efficient, enhance not oniy piasmid DNA vaccines hut a,o prides a 
nove strategy for immunogenic, muitivaient combined protein/DNA vaccne dei.ve*. 

The invention is further illustrated by the fo.iowing examp.es wh.ch, however, 
are not intended to limit the invention in any respect. 

"71— C BALB/c mice wKh protein- or DMA-based 

chosen as the precUnica, mode, s,noe a significant amoun, of the predinicai expenence 

obtained with novel vaooination approaohes has been generated in this spaces. 

Standard immunization prooedures were used based on me Inframuscular 
injection of either 5, 50 or 1 00 pg plasmid DMA vacoinas, or 0.5-5 pg protein antigen. 

16 , Mixing a model protein (antigen, .ogefher witn a plasm* ™«"^ 
Al phosphate or Al hydroxyphosphate enhances the immunogenicity of the latter 

BAUB/o mice were immunized l.m. with 5, 50 or too pg pOl/S plasm* DNA 

(encoding the small HBsAg). 

The DNA was delivered: 
20 - without vehicle (as "naked" plasmid DNA) 

- with aluminium phosphate 

- without protein antigen added 

- with(A)BSAor(B)HELadded 

The antibody response was determined 4 weeks after a single immunization. 

25 



WO 03/082327 



10 



PCT/EP03/03353 



(A) BSA system (see Table 1) 



Table 1 




5 (B) HEL system (see Table 2) 



Table 2 



group 


pCl/S DNA vaccine 
(ixg/mouse) 


protein 
(HEL) 


aluminium 
phosphate 


anti-HBsAg serum 
antibody titer mlU/ml 


1 


5 






<10 
613 


2 


50 






965 


3 


100 














+ 


549 


I 4 


5 




+ 


2790 


I 5 


50 
















<10 


I 6 


5 


+ 




1473 


7 


50 


+ 












+ 


753 


8 


5 


+ 


+ 


3317 


9 


50 


+ 










+ 




—J 


10 





m ThP«;e results allow the following conclusions: 

A dose-dependen, a „„body response agains, a DNA nuc,eo«de encoded an, g en . 
induoed by a single i.m. Injection of the pCI/S DNA vaccine. 

T „e intmunogenloity o, the pC/S DNA vaccine is enhanced when ,s nntxed before 
,. m . delivery with aluminium phosphate or alumium hydroxyphosphate. 
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n*iA\ are mixed with aluminium phosphate or alumium 
- When protein antigens (BSA) are mixea wiui « 

« *u Q «n/c; dnia vaccine a so mixed to 
hydroxyphosphate the immunogen.city of the P CI/S DNA 

aluminium phosphate or alumium hydroxyphosphate is strikingly enhanced. 

, 2 Mixing a vaccine protein antigen and a plasmid DNA vaccine with Al phosphate 
5 2. Nl.xing a vaccine p pC |/LC149 plasmid 

BALB/c mice were immunized i.m. witn b, ou or cm h 
DNA (encoding a secreted, truncated variant of the HBV core antigen HBcAg). 

The DNA vaccine was delivered: 

- without vehicle (as 'naked 1 plasmid DNA) 
10 - with aluminium phosphate 

- without protein antigen added 

- with HBsAg added 

HBsAg (2 ng/mouse) was delivered. 

- without vehicle (as 'naked' protein particles) 
15 - with aluminium phosphate 

- without protein antigen added 

- with DNA vaccine added . 

The antibody response wes determined 4 weeks after a singte —zafon. 

The results are shown in Table 3 below. 

20 



Table 3 



group 



pCI/LC 149 
DNA vaccine 
(|j.g/mouse) 




Protein 
antigen: 
HBsAg 



4 
5 



7 

8 
9 

10 



5 

50 
5 

50 
5 

50 



+ 
+ 

+ 
+ 



aluminium 
phosphate 


reciprocal anti- 
HBc/eAg 
endpoint 
antibody titer 


anti-HBsAg I 
serum antibody J 
titer mlU/ml I 




<10 


<10 | 




10.000 


<10 




26.000 


<10 I 


+ 


2.500 


<10 I 


+ 


75.000 


<10 




<10 


2187 




10.000 


3210 


+ 


12.500 


2630 


+ 


120.000 


3540 


+ 


<10 


2100 
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These results allow the following conclusions: 

A dose-dependenf anybody respond is induct by a singie i.m. ..eCon o .h 
od/LO DNA vaccine; the immunogenic*, of the DNA vaccine is enhanced when it 
I ^ Ire l.m. delivery - *-**« °' « ^ . 

5 . "nfigens (HBsAg) and DMA vaccinae are mixed wtth aiuminium phosphate or 
aiuminium hydroxyphosphate prime polyvalent immune responses. 

3. Adsorptton o. vaccine protein antigen (HBsAg) to Al phosphate , Al hydroxy- 
10 phosphate or Al hydroxide 

rTJ^Tpg Al o, e„her aluminium phosphate or aluminium hydroxide were 
' incubated for 24 h a, « (under constant shaKing, w«h 100, 50. 10. 5 or 1 pg HBsAg 
!„ a tota, volume o, 200 p.; e peraile, se, of eamples was incubated ad«ona„y w*h 
15 50 plasmid DNA. 

the alum was spun down and supernatants were harvested. 

HBsAg (Abbot. Axsym HBsAg V2-ki< (catno. 7A 10-22, Abbott, Wiebaden. Germany) 
in supernatants (S/N) was measured by the Abbott ELISA. 

The results are shown in the following graph. ^ 



ii. 
iii. 



20 



25 



HBs Incubated [ug] 



A1iimlninmPhPT hate 
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5 


+DNA 


10 


50 
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1 
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50 




1001 




30 
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200000 400000 600000 
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HBsAg was readiiy detected in S/N of mixtures of antigen with aluminium 
phosphate (even when as low amounts as only 1 pg HBsAg was mixed with .he 
phosphate adjuvant) while no HBsAg was detectable atter incubation wi,h aiumihium 
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hydroxide. There was no deference in HBsAg release when p.asmid DNA was also mixed 
(together with HBsAg protein) to the aluminium adjuvant preparat.cn. 

These results allow the following conclusions. . 

. Aiuminium phosphate and a.umium hydroxyphosphate do not adsorb HBsAg but 

aluminium hydroxide adsorbs HBsAg efficiently. 
. P ,asmid DNA in the applied quantities suitable for vaccination has no .nfiuence on the 

adsorption or non-adsorption of protein antigen to aluminium adjuvants. 



